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Abstract 

This study examined the effects of incremental rehearsal (IR) on letter sound 
expression for one kindergarten and one first grade English learner who were 
below district benchmark for letter sound fluency. A single-subject multiple- 
baseline design across sets of unknown letter sounds was used to evaluate the 
effect of IR on letter-sound expression and fluency. Although visual analysis 
of the data showed an increase in level and trend for the kindergarten par¬ 
ticipant, data were variable for the first grade participant who was referred 
for special education services during the intervention. Mean percentage of 
non-overlapping data (PND) was 94% for the kindergarten student and 98% 
for the first grade student. Although both learners made increases in letter 
sound expression and fluency, the intervention was 17 weeks in duration. 
Future research should examine both the effectiveness and efficiency of IR, 
as compared to other interventions, for increasing letter-sound knowledge of 
English learners. 

T he importance of acquiring early literacy skills to leam to read 
in the primary grades is well documented in the research litera¬ 
ture (Snow, Bums, & Griffin, 1998; Vellutino, Scanlon, & Zhang, 2007). 
Students who fail to learn these skills tend to continue to experience 
difficulties in academic skills throughout school (Stein, Johnson, & 
Gutlohn, 1999). Results from the National Reading Panel (NRP, 2000) 


Address correspondence to Naomi L. Rahn, West Virginia University, Department of 
Special Education, College of Education and Human Services, 509 Allen Hall, P.O. Box 
6122, Morgantown, WV 26506-6122. E-mail: nlrahn@mail.wvu.edu 

Author Note: Naomi L. Rahn, Department of Special Education, West Virginia Univer¬ 
sity; all other authors. Department of Educational Psychology, University of Minnesota. 
Contribution of each author was equal. 

This publication was made possible in part by Grant Number H325D090012 from the 
United States Department of Education Office of Special Education Programs. Its con¬ 
tents are solely the responsibility of the authors and do not necessarily represent the 
official views of the USDE OSEP. 


Pages 71-92 



72 


RAHN et al. 


specify the importance of systematic and explicit phonics instruction 
in kindergarten and first grade to improve students' word recognition, 
spelling, and reading comprehension. Letter-sound correspondence is 
a particularly important skill in the primary grades. Letter-sound flu¬ 
ency consistently predicts outcomes on high-stakes reading tests later 
in schooling (Pickart, Sheran, Betts, & Heistad, 2004), as well as other 
reading-related outcomes across first and second grades (Schatschnei- 
der, Fletcher, Francis, Carlson, & Foorman, 2004). 

Systematic and explicit literacy interventions are particularly ben¬ 
eficial for students at risk for literacy difficulties early in the primary 
grades (NRP, 2000). For example, Vellutino, Scanlon, Small, and Fanuele 
(2006) found that kindergarten and first grade students who received 
targeted literacy interventions performed better on measures of emer¬ 
gent literacy when compared to similar peers who did not receive inter¬ 
vention support. In addition, Al Otaiba and Torgeson (2007) found that 
providing students with systematic and explicit literacy interventions 
in combination with a strong and explicit core reading program can re¬ 
duce the percentage of poor readers by the end of first or second grade. 

Although the importance of early literacy interventions in the 
primary grades is well researched (Stein et al., 1999), early literacy 
interventions for students from culturally and linguistically diverse 
backgrounds are underrepresented in the research literature (Kling- 
ner & Edwards, 2006). Particularly, far less attention has been given 
to identifying and implementing research-based interventions for 
this group of learners (McCray Sorrells, Webb-Johnson, & Townsend, 
2004). Upon entering kindergarten, English learners face the com¬ 
bined tasks of learning to understand, speak, and read English. Stu¬ 
dents may also experience more significant challenges when learning 
to read because of issues with acculturation, linguistic isolation, and 
lack of prior literacy experiences in their native language or English 
(August & Shanahan, 2006). As a result of these confounding variables, 
researchers often omit English learners from their samples, adding to 
their underrepresentation in the research literature, and precluding a 
full understanding of the outcomes of literacy interventions (Gersten 
& Baker, 2000). If early literacy interventions are to be used with Eng¬ 
lish learners, they must be validated with this population (Klingner & 
Edwards, 2006). 

Preliminary evidence suggests that conclusions drawn by the 
NRP (2000) about the importance of phonemic awareness and pho¬ 
nics instruction apply to both native English speakers and English 
learners (Shanahan & Beck, 2006). For example, Linklater, O'Connor, 
and Palardy (2009) found no significant differences in growth trajec¬ 
tories of native English speakers and English learners on measures of 
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phonemic awareness in kindergarten. Similarly, Chiappe, Siegel, and 
Wade-Woolley (2002) found that students learning English who were 
behind in measures of phonemic awareness in kindergarten made ac¬ 
celerated growth and caught up to their native English speaking peers 
by first grade. In a study of direct instruction in letter sounds as part 
of a comprehensive literacy intervention for first and second graders, 
Kamps et al. (2007) found that all students, regardless of native lan¬ 
guage, made gains in measures of decoding and oral reading fluency. 
This collection of evidence, though small compared to that of native 
English speakers, provides preliminary evidence that early literacy 
interventions used with native English speakers may also be success¬ 
fully used with English learners. 

One intervention with evidence of effectiveness with native Eng¬ 
lish speakers is Incremental Rehearsal (IR; Bums, Dean, & Foley, 2004; 
Volpe, Burns, DuBois, & Follen Zaslofsky, 2011). IR is a systematic 
and explicit intervention that teaches unknown concepts by combin¬ 
ing them with known concepts (Burns et al., 2004). In IR, a student 
knows approximately 90% of the concepts, with the remaining 10% 
of concepts unknown and interspersed among known concepts. This 
drill and practice procedure is effective for teaching students in the ac¬ 
quisition phase of learning because it allows for teaching to mastery, 
introduces unknown concepts in small sets, allows many opportuni¬ 
ties to respond, promotes errorless learning, and provides repetition 
(Bums et al., 2004). IR has been found to be more effective than tra¬ 
ditional methods of drill and practice (Burns & Boice, 2009; Bums & 
Sterling-Turner, 2010; MacQuarrie, Tucker, Bums, & Hartman, 2002). 

In addition to the documented success of IR to teach multiplica¬ 
tion facts (Burns, 2005; Codding, Archer, & Connell, 2010) and word 
recognition (Bums & Boice, 2009; Bums et al., 2004; MacQuarrie et al., 
2002; Nist & Joseph, 2008; Volpe, Mule, Briesch, Joseph, & Burns, 2011), 
IR has been used in one study to teach letter sounds. Volpe, Burns, et 
al. (2011) used IR to teach letter sounds to four kindergarten students, 
one of whom was identified as an English learner. Participants were 
identified because they were not making expected progress toward 
benchmarks on letter sounds given the general reading curriculum 
and a supplemental intervention. Researchers added more intensive 
instruction in letter sounds using IR delivered via a computer pro¬ 
gram. Results showed that students' letter sound fluency increased 
over the course of 25 intervention sessions. This was the first study to 
test the effectiveness of using IR to teach letter sounds to kindergarten 
students, one of whom was identified as an English learner. 

This study extends the results of Volpe, Burns, et al. (2011) by 
testing the effectiveness of IR, delivered one-on-one by an instructor. 
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to teach letter sounds to two English learners. The following research 
questions guided the current investigation: 

1. What is the effect of IR on overall letter-sound expression of 
English learners? 

2. What is the effect of IR on letter-sound fluency of English 
learners? 


Method 


Participants 

Participants were two male students, one kindergartener, Jona¬ 
than, who was 5 years, 8 months old and one first grader, Omar, who 
was 6 years, 11 months old at the beginning of the study. Both attend¬ 
ed a public elementary school in a Midwestern urban district. Jona¬ 
than and Omar were previously identified as English learners and 
received English Language Learner (ELL) services prior to the start 
of the study. Jonathan's primary language was Hmong and Omar 7 s 
primary language was Somali. 

This study was conducted within the context of ongoing literacy 
work between the University and school district. Thus, students were 
selected for intervention given their need for additional instruction 
on letter sounds. Specifically, Jonathan was selected for intervention 
based on a letter-sound fluency score of 14 or below on the Minneapo¬ 
lis Kindergarten Assessment (MKA) administered in January. Accord¬ 
ing to district benchmarks, a score of 14 or below indicated risk for 
not meeting the proficiency standard on the state high-stakes assess¬ 
ment in third grade. No other kindergarten English learners met this 
criterion. Therefore, Omar, a first grade student, was included based 
on similarly low letter-sound fluency scores. Prior to conducting the 
study, neither participant had been identified as needing special edu¬ 
cation services. Omar was identified partway through the study as 
having a learning disability in math and reading. 

Jonathan scored at the "entering" level for English language pro¬ 
ficiency on a district assessment for ELL services. This level indicates 
oral language with phonological, syntactic, or semantic errors that 
often impede meaning when presented with basic oral commands, 
direct questions, or simple statements with sensory, graphic, or in¬ 
teractive support. Omar scored between the "beginning" and "de¬ 
veloping" level on the district assessment, indicating oral or written 
language with phonological, syntactic, or semantic errors that often 
impede the meaning of the communication when presented with 
one- to multiple-step commands, directions, questions, or a series of 
statements with sensory, graphic, or interactive support. Although 
both students qualified for ELL services, no additional information 
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was available regarding their mastery of native languages, formal aca¬ 
demic histories, or length of time in the United States. 

Measures 

We used three measures in this study. As previously noted, 
the letter-sound fluency subtest of the MKA was used to determine 
eligibility for the intervention. A dependent measure of letter-sound 
expression was used at the beginning of each intervention day to es¬ 
tablish known and unknown letter sounds. Letter-sound fluency was 
used to identify the first grade student for inclusion in the study and 
as a second dependent measure to assess student progress toward 
meeting district reading benchmarks. 

Minneapolis Kindergarten Assessment (MKA).The MKA was devel¬ 
oped by the Minneapolis Public Schools to measure the literacy and 
numeracy skills of entering and exiting kindergarten students (Pick- 
art et al., 2007). The literacy portion of the MKA assesses phonemic 
awareness, the alphabetic principle, oral language, and concepts of 
print. The same version of the MKA is administered in fall (referred 
to as the Beginning Kindergarten Assessment or BKA), winter, and 
spring (referred to as the End of Kindergarten Assessment or EKA) to 
assess student growth. 

To evaluate the psychometric properties of the BKA and EKA, 
both were administered to 2,180 kindergarten students attending a 
large urban school district (Pickart et al., 2007). Study authors ob¬ 
tained an internal consistency reliability of .90 for the BKA and .93 
for the EKA total composite scores. Test-retest reliability on a ran¬ 
domly selected sample of 88 students was .92 overall and .80 for the 
letter-sound fluency subtest (Pickart et al., 2007). The EKA correlated 
with a variety of district and statewide assessments, including first 
grade oral reading fluency (.80) and the Minnesota Comprehensive 
Assessment-II (MCA-II) (.602; Pickart et al., 2007), the state account¬ 
ability assessment in reading and math. Additional research by Betts 
et al. (2008) examined the predictive validity and predictive bias of the 
MKA with respect to English learners. Overall, results suggest that 
fluency-based measures included on the MKA can be used to predict 
subsequent reading achievement for diverse students. 

Letter-sound fluency. The letter-sound fluency measure used in 
this study consisted of a 1-min task developed by the Minneapolis 
Public Schools to monitor progress for kindergarten students identi¬ 
fied as below benchmark on the BKA. The student is shown a one- 
page document with seven rows of 10 randomly selected lowercase 
letters and asked to say the most common sound for each letter. If a 
student does not respond, the examiner waits 3 s before directing the 
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student to move on to the next letter. The student's score is the num¬ 
ber of letter sounds named correctly in 1 min. Letter-sound fluency 
was assessed during baseline and once per week to determine the ef¬ 
fectiveness of IR. Alternate forms of the measure were available and 
therefore used to monitor student progress and minimize practice 
effects. This measure was also used to determine Omar's eligibility 
for the study. District protocol requires that teachers monitor prog¬ 
ress on letter-sound fluency for first grade students who score below 
10 words per minute on the district's first grade oral reading fluency 
benchmark measure. The district letter-sound fluency measure has 
evidence of reliability coefficients of .90 for test-retest reliability and a 
validity coefficient of .69 when correlated with first grade oral reading 
fluency (Marston et al., 2007). 

At the beginning of the study, known and unknown letter 
sounds were established by asking students to say the remaining let¬ 
ter sounds on the letter-sound fluency probe when the timed portion 
of the measure (i.e., 1 min) was completed. The examiner recorded 
which sounds were named correctly and incorrectly. 

Letter-sound expression. Letter-sound expression was the primary 
dependent variable in this study. Letter-sound expression was as¬ 
sessed by presenting each set of 5 cards in order (i.e.. Set A, Set B, Set C) 
with the 5 cards within each set shuffled and administered in random 
order. Cards were 3 inch by 3 inch laminated white cards with one 
lowercase letter per card. Each card contained one of the 15 unknown 
letter-sounds from the intervention (e.g., five letter cards per set for a 
total of 15 cards across three sets). The examiner showed the student 
each card and asked the student to say the most common sound for 
each letter. The student was given 3 s to respond before moving on 
to the next letter. The examiner recorded each sound as correct or in¬ 
correct and plotted the total number of sounds expressed correctly in 
each letter-sound set on the student's graph. A maximum score of 5 
was possible on each letter-sound set. Individual letter sounds were 
considered mastered when the student named the sound correctly in 
three consecutive sessions with no subsequent errors. A letter-sound 
set was considered mastered when all sounds were named correctly 
in three consecutive sessions with no subsequent errors. 

Procedure 

Six graduate students delivered the intervention. Five were female 
and one was male. One instructor was Indian, one was Asian, and four 
were Caucasian. All were proficient English speakers. Intervention ses¬ 
sions were 10-15 min in length and took place outside the classrooms 
of each student. Initially, sessions were delivered one time per day. 
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approximately four days per week. Because Jonathan, the kindergarten 
participant, showed difficulty retaining letter sounds between inter¬ 
vention sessions, the number of sessions was increased to three times 
per day for the duration of the study to promote more exposure to the 
target sounds. Omar, the first grade participant, remained on an inter¬ 
vention schedule of one time per day, four days per week. Interven¬ 
tion continued for 17 weeks. Intervention times were predetermined by 
classroom teachers so as not to interfere with core curriculum. 

Pre-baseline assessment. Prior to baseline, the instructor adminis¬ 
tered the letter-sound fluency and letter-sound expression measures 
described above to establish known and unknown concepts for each 
student and thus to determine which sounds to teach during inter¬ 
vention. Known and unknown letter-sounds for each participant were 
determined via examination of known and unknown sounds on these 
measures. Rnowns were defined as correct letter sounds with no sub¬ 
sequent errors for that particular letter. Unknowns were defined as 
incorrect letter sounds. 

Jonathan had 1 known and 25 unknown letter sounds prior to in¬ 
tervention. Omar had 11 known and 15 unknown letter sounds prior 
to intervention. Fifteen letter sounds were targeted for each partici¬ 
pant. Because Jonathan had more than 15 unknown letter sounds, 15 
unknowns were randomly selected as intervention targets from the 25 
unknowns. Unknown letter sounds were then randomly divided into 
three sets of five unknown letter sounds for each participant (table 1). 
If a student had more than 15 unknown sounds, remaining sounds 
were excluded from the intervention. 

Materials. The instructor created 3 inch by 3 inch laminated cards 
for the 15 unknown sounds and all known sounds for each student. 
All known and unknown letter-sound cards were identical in appear¬ 
ance, using black ink and the same font. Because Jonathan knew fewer 
than five letter sounds prior to intervention, commercially available 
flash cards with drawings of common objects, shapes, and colors cut 
to the same size as the letter-sound cards were used as additional 
knowns in Set A only. We determined knowns by asking Jonathan to 
name each pictured stimulus. The stimulus was considered known 
if Jonathan provided the most common response for the item (e.g., 
labeling a picture of an apple as "apple"). Incorrect or unconven¬ 
tional responses were considered unknown (e.g., labeling a picture 
of an apple as "circle"). Each set of cards used during intervention 
consisted of one unknown sound and six known sounds or objects. In 
previous studies researchers have used ratios of nine knowns to one 
unknown (Burns, 2005; Bums & Boice, 2009; Burns et al., 2004) and 
four knowns to one unknown (Volpe, Burns, et al., 2011). Based on 
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Table 1 


Letter-Sound Sets and Total Days of Intervention Per Set 


Student 

Set 

Sounds 

Total Days of 
Intervention 

Jonathan 

A 

a c m 11 

25 


B 

e x i n u 

25“ 


C 

o f h b s 

5 

Omar 

A 

pjagy 

17 


B 

h q b u c 

23 


C 

k d i e o 

5 


“Treatment was intensified at the beginning of Set B for Jonathan. 


previous research and clinical judgment, we decided to use a ratio of 
six knowns to one unknown in this study. 

Baseline. Three baseline letter-sound expression probes were ad¬ 
ministered on three separate days prior to beginning intervention on 
Set A. For Sets B and C, after three consecutive days of baseline data 
were collected, letter-sound expression probes were administered in¬ 
termittently until intervention was initiated for each Set. In addition, 
one letter-sound fluency probe was administered prior to beginning 
intervention on Set A. 

Intervention. At the beginning of each intervention session, the 
instructor first assessed the participant's knowledge of sounds within 
the targeted letter-sound set. In addition, participants' knowledge of 
sounds from the other two letter-sound sets (i.e., sets not being tar¬ 
geted for intervention) was assessed intermittently. For example, dur¬ 
ing intervention on Set C, the letter sounds from Sets A and B were 
intermittently measured. When the intervention was intensified for 
Jonathan, this measure was administered only during the first session 
of that day. The instructor continued to assess letter-sound fluency 
once a week during intervention. 

During intervention, two unknown sounds were introduced 
within two IR sequences. In the first sequence, the first unknown 
sound was modeled by the instructor (e.g., "This is the letter s. It 
makes the /s/ sound."). The instructor then asked the student to say 
the sound (e.g., "Say /s/.") and confirmed a correct response (e.g., 
"Good, /s/.") or corrected an incorrect response (e.g., "This sound is 
/s/. What sound?"). The instructor then provided a model of a CVC 
word including the sound (e.g., "/s/ is the first sound in the word 
sun.") and began the first IR sequence. The instructor again showed 
the first unknown sound and asked the student to name the sound 
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(i.e., "What sound?"). After acknowledging a correct response or 
correcting an incorrect response, the unknown was shown again, 
followed by one known (e.g., /p/). The unknown (e.g., /s/) was then 
shown again, followed by the first known and a second known sound 
(e.g., /p/, /m/). This procedure continued until the unknown sound 
and all six knowns were presented, thus giving the student seven op¬ 
portunities to name the unknown sound. 

At the beginning of the second IR sequence in each session, one 
known sound or picture card with a known object was taken out of 
the card pack and the second unknown was added. The sequence de¬ 
scribed above was followed for the second unknown, with the first 
unknown now becoming the first known sound in the second IR se¬ 
quence. This allowed six additional opportunities for practicing the 
first unknown (now known), along with seven opportunities to prac¬ 
tice the second unknown. 

During the session, if a student made an error or did not respond 
within 3 s, a standard error correction procedure was used (e.g., "That 
sound is /s/. What sound?"). The intervention session continued until 
both IR sequences were completed or until the student made three 
errors. When the second IR sequence was completed or the student 
made three errors, the instructor then shuffled all cards, with the two 
unknowns separated by at least one known sound, and presented each 
card to the student for review. The same error correction procedure 
was used during the review (e.g., "That sound is /s/. What sound?"). 

When a participant correctly labeled all five letter sounds on the 
primary dependent measure (letter-sound expression) administered at 
the beginning of the session, the next letter-sound set was introduced. 
The first grade participant, Omar, showed difficulty reaching this crite¬ 
rion in the first letter-sound set. After teaching this set for 9 consecutive 
sessions, Omar demonstrated knowledge of 3 out of 5 sounds. For this 
reason, the decision was made to introduce the next letter-sound set 
for this participant after he knew at least 60% of the sounds across 3 
consecutive sessions. This enabled us to move on to the next letter set. 

Once the IR intervention was introduced to a new set, learned 
sounds from previous sets under intervention implementation were 
used as knowns throughout the remainder of the study. For example, 
because Jonathan learned all 5 sounds taught in Set A (/a/, /c/, /m/, /t/, 
/l/), these sounds were used as knowns when Sets B and C were taught. 

Research Design 

A single-subject multiple-baseline design across sets of letter 
sounds was used to evaluate the effect of the intervention (IR) on 
the dependent variables (letter-sound expression and letter-sound 
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fluency). At the beginning of the study, the instructor tested student 
knowledge on all three letter-sound sets for three consecutive sessions. 
When a baseline was established, intervention was implemented with 
the first set of letter-sounds. Researchers continued to collect baseline 
data for the remaining letter-sound sets. Intervention on the first set 
continued until the student learned all sounds within the set. As noted 
before, the criterion for moving to the next set of letter-sounds was 
modified to 60% of sounds across 3 consecutive sessions for Omar. 
Intervention then began for the second set with sounds learned in the 
first set becoming known sounds in the second and third sets. Thus, 
participants continued to practice letter sounds learned in previous 
sets throughout the duration of the intervention. This same procedure 
was followed when introducing the third letter-sound set. 

Interobserver Agreement and Treatment Fidelity 

Trained graduate researchers collected interobserver agreement 
(IOA) and treatment fidelity data throughout intervention sessions. 
IOA (agreements/agreements + disagreements X 100) was calculated 
for each sound administered on letter-sound fluency and letter-sound 
expression measures. IOA was completed across 45% of sessions; 
agreement ranged from 65% to 97% with a mean of 90%. One IOA 
score of 65% was anecdotally reported to be due to Jonathan's low 
volume voice during testing in a busy hallway and appeared to be 
an outlier. Agreement was 80% or above in all other IOA sessions, 
so no further training sessions for graduate researchers were deemed 
necessary. 

Researchers calculated treatment fidelity by dividing the num¬ 
ber of correctly implemented components by the total number of 
components. Components of the treatment fidelity checklist consist¬ 
ed of a list of steps for each segment of the intervention, including 
procedures for the initial set assessment, introducing unknown letter 
sounds taught in each session and modeling the correct sound, steps 
for each rehearsal sequence, and error correction. Each of these steps 
was broken into their component parts and an independent observer 
circled yes or no next to each part. Treatment fidelity was assessed us¬ 
ing this checklist during 30% of intervention sessions. Fidelity ranged 
from 88% to 100% of intervention components with a mean of 97%. 

Results 

Intervention letter set assessment (letter-sound expression) 
data are presented in figures 1 and 2. Visual inspection of Jonathan's 
graphs (see figure 1) reveals a stable baseline in Sets A and B and 
a variable baseline in Set C. In Set A, there was an increase in level 
after the first two intervention sessions, with Jonathan's expression 



USING IR TO TEACH LETTER SOUNDS TO ENGLISH LEARNERS 


81 


Baseline IR Intervention IR Intervention 



Days 


Figure 1. Jonathan's letter-sound expression. 


trending upward from zero to five letter sounds. At the beginning of 
Set B at Session 19, a phase change was implemented, increasing the 
intensity of the intervention from one time per day to three times per 
day in an effort to increase exposure. There was an immediate change 
in level following this phase change and an upward trend in letter- 
sound expression that increased from zero to a maximum of five letter 
sounds across Set B. In Set C, there was a change in level following 
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Baseline Intervention 



Days 

Figure 2. Omar's letter-sound expression. 


intervention. Jonathan's letter-sound expression, however, trended 
downward during Set C, varying from three to five letter sounds. De¬ 
spite the downward trend in letter-sound expression, intervention was 
terminated at this point because the school year was ending. In total, 
Jonathan mastered 12 of the 15 letter sounds targeted during interven¬ 
tion and reached mastery criterion in Set A (i.e., named all sounds cor¬ 
rectly in three consecutive sessions with no subsequent errors). 

Visual inspection of Omar's graphs (see figure 2) reveals a stable 
baseline in Set B, with variable baselines in sets A and C. Following 
intervention implementation, there was an immediate change in level 
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Baseline Intervention 



Weeks 

Figure 3. Letter-sound fluency. 


in Sets A and C. Omar's trend in letter-sound expression varied across 
Sets. During Set A, his expression increased immediately but stabilized 
around three letter sounds. During Set B, a change in level occurred 
following one intervention session and his expression trended upward 
from zero letter sounds to a maximum of four letter sounds. In Set C, 
Omar's expression trended downward, as shown by a maximum of 
five letter sounds in the second intervention session and a minimum 
of three letter sounds on the fifth intervention session. In total, Omar 
mastered 9 of the 15 letter sounds targeted during intervention but did 
not reach mastery criterion (i.e., name all sounds correctly in three con¬ 
secutive sessions with no subsequent errors) in any letter-sound Set. 

Figure 3 provides a summary of letter-sound fluency data col¬ 
lected at baseline and during intervention for the participants. Visual 
inspection of Jonathan's graph reveals an upward trend in letter-sound 
fluency across the intervention period. At baseline, Jonathan expressed 
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zero letter sounds. As previously noted, the intensity of the interven¬ 
tion was increased to three times per day at session 19. The graph re¬ 
veals an increased slope following this phase change. Jonathan's maxi¬ 
mum score during intervention was 34 correct letter sounds in 1 min. 
Visual inspection of Omar's graph reveals a notable change in level 
upon initiation of intervention and a variable upward trend during in¬ 
tervention. Omar expressed 10 letter sounds at baseline, and his maxi¬ 
mum score during intervention was 30 correct letter sounds in 1 min. 

Slope was calculated for each student using linear least squares 
estimation, indicating the average number of letter sounds learned 
each week of the intervention. Each student's baseline point was used 
as the intercept in this calculation. From a baseline point of zero cor¬ 
rect letter sounds, Jonathan's calculated slope was .49 before treatment 
was intensified and 1.78 after treatment was intensified (see figure 3). 
From a baseline point of 10 correct letter sounds, Omar's calculated 
slope was 1.12. According to district data, the expectation for student 
growth in kindergarten from January to May (15 weeks) is 25 letter 
sounds, resulting in an expected growth of approximately 1.67 letter 
sounds per week. No expected growth was formally available for first 
grade students as the district expectation is that first graders are fluent 
with all letter sounds at the beginning of the school year. 

Percentage of non-overlapping data (PND) was used to ana¬ 
lyze the results by computing the number of intervention data points 
above the highest baseline data point, divided by the total number of 
intervention points, and multiplied by 100. PND provides an estimate 
of the effect of the intervention used in single-subject designs (Gast 
& Spriggs, 2010). PND for Jonathan was 91% in Set A, 91% in Set B, 
and 100% in Set C. PND for Omar was 100% for Set A, 95% for Set B, 
and 100% for Set C. Mean PND across letter-sound Sets was 94% for 
Jonathan and 98% for Omar. Fetter-sound fluency PND was 85% for 
Jonathan and 92% for Omar. 

Discussion 

This study extends the results of Volpe, Burns, et al. (2011) by 
testing the effectiveness of IR, delivered one-on-one by an instructor, 
on the letter-sound fluency and expression of two English learners. 
Research questions that guided this investigation included whether 
instruction in letter sounds using IR would increase the overall letter- 
sound expression and letter-sound fluency of these students. 

Effectiveness of the Intervention 

Overall, results suggest that both participants made modest im¬ 
provements in letter-sound expression and fluency measures with the 
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implementation of the IR intervention. Mean PND across letter-sound 
Sets ranged from 94% to 98%. PND for letter-sound fluency ranged 
from 85% to 92%. Scores over 90% have been interpreted as indicat¬ 
ing a very effective treatment; scores between 70-90% have been re¬ 
garded as an indication of an effective treatment (Scruggs & Mastrop- 
ieri, 1998). Although PND suggests the intervention may have been 
effective, the duration of the intervention was 17 weeks. There may 
be other interventions that could produce similar or greater gains in 
letter-sound knowledge in shorter periods of time. 

At the onset of the intervention, Jonathan appeared to have no 
conceptual understanding of letter sounds. This could have been a 
contributing factor to the lack of immediate response. In an effort to 
increase his exposure to the sounds, researchers decided to increase 
the intensity of the intervention from one to three times per day. Al¬ 
though Jonathan required between 14 and 18 days of intervention on 
Sets A and B before correctly expressing all 5 letter sounds, he was 
able to express all 5 letter sounds after only 2 days of intervention on 
Set C (see table 1). Baseline data for Set C suggest that Jonathan knew 
2 of the 5 sounds when intervention began; thus, he had fewer letter 
sounds to acquire in this Set. However, data suggest that Jonathan 
was able to express all five letter-sounds only on one out of five inter¬ 
vention days. Based on anecdotal data, Jonathan's on-task behavior 
during Set C diminished, which could have been a contributing factor 
to his decline in expression toward the end of the study. 

This increase in exposure to the letter sounds resulted in a higher 
growth rate in letter-sound fluency and expression throughout the 
remainder of the intervention. Letter-sound fluency results for Jona¬ 
than show an increase from zero letter sounds per minute in baseline 
to a maximum score of 34 letter sounds per minute during interven¬ 
tion. The slope of Jonathan's letter-sound fluency graph was .49 letter 
sounds per week before treatment was intensified. After intervention 
was intensified, Jonathan's letter-sound fluency slope increased to 1.78, 
suggesting that by the end of the intensified intervention phase, he was 
on track to meet the district end-of-year benchmark of 40 letter-sounds 
per minute. Overall, on this measure, Jonathan acquired English letter 
sounds at an acceptable rate according to district expectations. 

Omar showed a more variable increase in overall letter-sound 
expression during intervention and increased his fluency from 10 let¬ 
ter sounds per minute in baseline to a maximum score of 30 letter 
sounds per minute during intervention. The district expectation of 
first grade students was fluent expression of all letter sounds at the 
beginning of the school year. Although Omar did make progress in 
the intervention, as shown by the positive slope of 1.12 letter sounds 
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per week in fluency, it was not at the rate or level expected for first 
grade or kindergarten (1.67 letter sounds per week). Additionally, be¬ 
cause Omar demonstrated difficulty acquiring letter sounds, research¬ 
ers decided to modify the criterion for moving to the next letter set. 
During the intervention, Omar was referred and qualified for special 
education services in reading and math, which may help to explain 
the variability in letter-sound expression and difficulty demonstrating 
expected growth in first grade. 

Limitations 

Limitations of this study should be considered in light of the 
applied nature of this work. This study was initiated based on the 
needs of students being served within an existing literacy partnership 
between the University and school district. For example, the hetero¬ 
geneity of participants, which was the result of providing intervention 
to those students who demonstrated a need within the participating 
school, may be considered a limitation of this study. The selected par¬ 
ticipants represented different grade levels and their responsiveness 
to IR was also likely moderated by other influential, yet unmeasured, 
variables. For example, Omar may have presented greater academic 
need than Jonathan given his older age, limited expression of initial 
letter sounds, variable intervention improvement trend, and ultimate 
qualification for special education services. In future studies, it may 
be helpful to include participants at the same grade level and with 
similar academic needs to better evaluate the effectiveness of IR with 
English learners having specific characteristics. 

A second limitation is that little background information was 
available for either student to better interpret respective intervention 
results. Although both students qualified for ELL services, little ad¬ 
ditional information about participants' language or academic histo¬ 
ries was available. It is possible that such variables may have been 
observed in association with the participants' response to IR. Mea¬ 
surements of possible English learner-related factors that may affect 
intervention outcomes on the use of IR with English learners should 
be considered in future research. For example, the impact of language 
history and familiarity with English should be measured to better in¬ 
terpret study outcomes. This could be accomplished by gathering ad¬ 
ditional information from district assessments and from interviews 
with ELL staff or students' families. In addition, given the varying 
linguistic backgrounds and different sound systems of the native lan¬ 
guages for participants, the order and types of English letter sounds 
selected for IR may have presented differential challenges as well. For 
example, the degree of similarity or dissimilarity in selected English 
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letter-sounds versus Somali and Hmong sounds may have caused 
greater difficulty in mastering English sounds and thus tempered re¬ 
sponsiveness. Although these concerns may have influenced observed 
results, the extent of their impact remains unknown. 

A third limitation is that although we increased treatment in¬ 
tensity for Jonathan because of his difficulty retaining sounds learned 
from one session to the next, we did not increase treatment intensity 
for Omar because the nature of his difficulty appeared to lie in his ac¬ 
quisition of sounds within sessions rather than retention of sounds be¬ 
tween sessions. It is unknown, therefore, whether a positive response 
of similar strength would have been observed for Omar had we in¬ 
creased treatment intensity. 

A fourth limitation is that although the baseline data in Set A 
for Omar revealed an accelerating trend, we began intervention with 
this Set rather than beginning with Set B, which demonstrated a stable 
trend. In future studies, rather than administering sets in a predeter¬ 
mined order (i.e.. Set A first. Set B second. Set C third), researchers 
should begin intervention on a set with a stable or decelerating trend. 

A fifth limitation is that we used commercially available flash- 
cards with common objects, shapes, and colors as known stimuli for 
Jonathan. This allowed researchers to have enough known stimuli for 
Jonathan in Set A. However, the use of stimuli other than the letter- 
sound cards presents a potential confound in this study. In future 
studies, researchers might modify the ratio of knowns to unknowns, 
begin with a smaller number of total knowns and unknowns, or pres¬ 
ent known letter sounds multiple times in an IR session (e.g., include 
two cards with a known sound) to avoid the use of other stimuli. 

A sixth limitation is that several different graduate students de¬ 
livered the intervention. This was necessary due to scheduling limita¬ 
tions of the graduate students and times available during the school 
schedule for working individually with students. Although treatment 
integrity remained sufficiently high, it is possible that responsiveness 
may have been negatively impacted by the lack of consistency in per¬ 
sonnel administering each session. 

Implications for Practitioners and Researchers 

This paper presented findings from an applied study inves¬ 
tigating the effects of IR on letter-sound expression and fluency of 
two English learners. Results suggest that although IR was effective 
in improving the overall letter-sound expression and fluency of the 
participating kindergarten and first grade English learners, the inter¬ 
vention was 17 weeks in duration. Previous research has indicated 
that IR can be an effective tool in promoting the acquisition of basic 
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concepts including multiplication facts (Burns, 2005; Codding et al., 
2010), word recognition (Bums & Boice, 2009; Bums et al., 2004; Mac- 
Quarrie et al., 2002; Nist & Joseph, 2008; Volpe, Mule et al., 2011), and 
letter sounds (Volpe, Burns, et al., 2011). This extends the results of the 
Volpe, Burns, et al. (2011) study and adds to the literature by demon¬ 
strating the utility of IR for teaching letter sounds to English learners. 

Results of this study suggest that IR is a strategy practitioners 
may want to consider using with kindergarten and first grade Eng¬ 
lish learners who have not responded adequately to whole group and 
small group instruction on letter sounds. As previously noted, IR in¬ 
troduces a small set of unknown concepts (in this case unknown let¬ 
ter sounds), provides multiple opportunities to practice the unknown 
concepts, and allows the unknown concepts to be taught to mastery 
(Bums et al., 2004). Thus, IR provides teachers with an individual¬ 
ized, intensive, and targeted intervention to draw upon when teach¬ 
ing English learners who are struggling to acquire letter sounds. 

Future research is needed, however, to guide practitioners in se¬ 
lecting the most effective and efficient strategy to teach letter sounds 
to English learners with particular characteristics. In future studies, re¬ 
searchers should investigate the use of IR with English learners of vary¬ 
ing ages and academic needs. Whether IR is a sufficient intervention 
tool for English learners upon initial exposure to English letter sounds 
(such as in kindergarten) versus students who have previously not re¬ 
sponded to several interventions also deserves further attention. In ad¬ 
dition, researchers should gather more complete information on the lan¬ 
guage histories of participants to better inform study results. It would 
be particularly beneficial to compare the effectiveness and efficiency of 
IR and other letter-sound interventions. Given the importance of acquir¬ 
ing letter sounds for general reading development and the paucity of 
research on intervention strategies for English learners, future research 
on both the effectiveness and efficiency of IR and other interventions 
in increasing letter-sound knowledge of English learners is warranted. 
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